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Abstract 
During history, there have been a lot of designing regarding martian rovers. In the following 
thesis the body of one of those rovers has been designed, meeting the requirements of the 
European Rover Challenge. 
Firstly, some of the main components have been described in order to design the body 
properly. After discussing three ideas regarding the body shape and components distribution; 
and three possible materials; one is chosen. 
The body has been designed using a structure profile with a profile substructure and 
aluminium plates to withstand the weight requirements. Furthermore, aluminium sheets are 
used to seal the body. In this way, the resulting body is pretty lightweight. 
In addition, a stress analysis has been performed in order to check if the structure is stiff 
enough. The results are satisfactory.  
The usage of prefabricated profiles and their connectors allows designing an affordable 
product, with a sufficient stiffness and enough quality. There are a lot of possibilities of 
application of the rover. 
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1. Introduction 
This master thesis has been carried out in order to design the body of a martian vehicle for 
the European Rover Challenge (Mars Society Polska, 2014). A team of students from TUL 
(Łódź University of Technology) took part in this competition this year and plan to take part in 
it again the next year. 
This international competition is about designing, building and operating a Martian rover that 
will have to successfully complete a number of Mars exploration themed tasks designed by 
the organizers.  
In order to design a body that fits this European Rover Challenge, it is important to take in 
account the provided rules. Tasks and some aspects of the rover are specified in them and 
consequently, there is a need to follow these rules to perform well in the contest. In this 
thesis only the important features concerning the body of the rover will be discussed. 
Among all the requirements that this rover has to meet, those that the body directly or 
indirectly has to satisfy are (Mars Society Polska, 2014): 
 
- The rover has to be built by the own student team, however, off-the-shelf 
components are allowed, 
- Its price may be up to 15000 €, 
- The soil of the area, where the contest will be conducted, is sandy, non-cohesive, 
with occasional hardened patches. There may be some low-growing vegetation. 
- Regarding weather conditions, temperature may vary between 5 and 30 ºC. Dust 
resistance is required as well as resistance against drizzle or little rain, 
- The rover has to be a stand-alone, mobile platform. It must weigh less than 50 kg 
including the suspension, manipulator, batteries, etc, 
- In the body there has to be space for the rover to carry a possible additional small 
camera, 
- The rover should have three sample containers mounted. The samples consists in: 
o A piece of rock (a stone), weighing at least 150 g 
o A piece of loose surface soil, weighing at least 200 g 
o A piece of deeper soil, weighing at least 25 g 
- An additional container or one of the containers mentioned above should be used 
to keep a spare part from a hypothetical storage. The spare part is irregular in 
shape but it has a handle with at least 30 millimetres in diameter and 100 
millimetres long. One of the sides of the spare part is flat and is considered its 
base, 
- Some space is needed to carry cameras for the artificial vision. 
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Apart from all these requirements regarding the European Rover Challenge, all the 
components of the vehicle need to be taken in account in order for the body to fit them all. 
Therefore, before even studying the possible solutions for the designing of the body, the 
approximate weights and dimensions of all the main components of the rover need to be 
known. 
1.1. Scope of the work 
The objectives of this master thesis are: 
 
- Design the body according with the requirements using a CAD software, 
- Describe the material/s chosen and the technologies involved in the construction, 
as well as all the steps needed to build the body, 
- Detail the needed budget, 
- Structural analysis of the body. 
Furthermore, as it was said in the introduction, there are a few prerequisites that have to be 
satisfied. The body must be possible to be manufactured in TUL University. It also has to fit 
the construction of the moving mechanism of the rover. Finally, the body should be designed 
to meet all the requisites explained in the rules of the European Rover Challenge. 
1.2. Range of the work 
Regarding the range of this work, it includes: 
 
- A chapter concerning the introductory data. It contains all the necessary 
information to start thinking about possible designs of the body, taking in account 
all the components of the vehicle, 
- 3 possible different solutions for the body, 
- The design of the body with the chosen solution, including materials, dimensions, 
technologies involved in the manufacturing process, as well as a description of all 
the construction process, 
- A budget with all the components needed, 
- A structural analysis of the body taking in account the load it has to withstand. 
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2. Introductory data 
2.1. European Rover Challenge rules 
Concerning the European Rover Challenge rules, going into detail the body has to meet the 
next conditions: 
 
- Temperature resistance, between 5 and 30 ºC, 
- Dust resistance, comparable to IP53 (Maxim Integrated Products, 2007), 
- Water resistance against drizzle or little rain, comparable to IP53, 
- Weight less than 50 kg for the whole vehicle, 
- Space needed to carry a possible additional small camera. 
Regarding the weigh, all the components may not be mounted at the same time. This means 
that rover components may be changed between tasks. 
2.2. Vehicle components 
Speaking in terms of the vehicle itself, it is essential to design the body having in 
consideration all the components in order to optimize material among other aspects. Due to 
that matter, below all the main components of the vehicle are mainly described in terms of 
utility, mounting, dimensions and weight, if it is indicative and meaningful data. Dimension 
values are estimated by measuring the current rover built by the students. Some photos of 
the components of the already built rover are added, in order to clarify and show how they 
may look like. Moreover, it is needed to take in account the distribution of those components 
in connection with the body. 
In the following lines, there is a brief explanation of the main components: 
 
- Manipulator 
A robotic arm used to obtain different 
sample of the location selected, to use a set 
of switches and to seize a spare part. It 
needs a sufficient stiff structure to be 
mounted in. It is one of the heaviest 
components of the rover, along with 
batteries. It is shown in Figure 3.1. 
Figure 3.1: Manipulator of the current vehicle 
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Dimensions: 200x200 mm base 
Mass: May be up to 10 kg 
It is set on the top of the rover, at front or rear. 
 
- Drill sampling module 
Another important component of the rover, used to trepan the floor to obtain a sample of 
deeper soil. It needs a rigid structure due to its use. Its mounting base may have similar 
dimensions to the base of the manipulator. 
Mass: May be up to 4 kg 
It should not be mounted on the top of the rover, but on the lateral parts (preferably, at front 
or rear). 
 
- Six-wheeled rocker-bogie mechanism 
The rocker-bogie suspension is one of the most 
successful wheel-type locomotive mechanisms.  
It consists in a two-wheeled bogie connected 
with a rocker (another wheel) through a pivot as 
seen in …... There are two of these 
mechanisms connected to the main body by a 
differential joint as shown in Figure 3.2 (Kim, 
Hong, Soo Kim, & Kim, 2011, p. 2) 
The differential joint consists in two shafts (each one for each half of the suspension) 
connected with gears from differential or nod welded. The connection consists in 3 smaller 
bars with joints or a ball joint, as it is shown in Figure 3.3. Each shaft is joined with the 
suspension through two sets of bearings, mounted in the walls of the rover. 
 
 
 
Figure 3.2: Scheme of the rocker-bogie 
Figure 3.3: Scheme of the differential joint 
Design of the body of a martian vehicle for the European Rover Challenge Page 11 
 
Thanks to the differential joint the rover is able to maintain balance of the mobility system. 
Besides, it is able to avoid irregularities of the terrain thanks to the rocker-bogie connection 
as shown in Figure 3.4.  
 
 
Dimensions: 1200 mm long and 340 mm high 
Mass: May be up to 8 kg 
 
- Motors 
These 6 DC motors are used to control each wheel of the 
rover. They are placed inside the suspension system near 
each wheel, as show in Figure 3.5. 
- Camera tripod 
Stand for the 360º camera used in the artificial vision system. It is light in 
comparison with the manipulator. It is shown in Figure 3.6. 
Dimensions: 530x160 mm base 
Mass: May be up to 2 kg 
It should be mounted on the top of the rover. 
- Laptop 
It is the computer on board, a laptop used to control the rover. The current vehicle uses a 
Lenovo X200. It is shown in Figure 3.7. 
Dimensions: 210x300x40 mm  
Figure 3.4: Rocker-bogie of the current vehicle 
Figure 3.5: Motor of the current vehicle 
Figure 3.6: Camera tripod of the current vehicle 
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Mass: 2 kg 
It is located inside the rover and it needs to be accessible. 
- Switch 
 A component used to make some connections 
among the cameras used for the artificial vision 
system. The current vehicle uses a PoE Ubiquiti 
TOUGHSwitch. It is shown in Figure 3.8. 
Dimensions: 200x90x30 mm 
Mass: May be up to 1 kg 
It is located inside the rover.  
- Batteries 
They are the power source of the rover. The 
current vehicle uses 9 batteries Turnigy 
5000mAh 5S Li-Po, as seen in Figure 3.9. 
Dimensions: 145*45*50 mm each battery 
Mass: 0,7 kg each battery. In total, 6,3 kg  
They are placed inside the rover and may be stacked almost touching each other, having 
one piece of material as a separation between them. 
 
- Sample containers 
They are used for the storage of the obtained samples during the tasks. These containers 
may be within the body itself or they may be off-the-shelf components. 
They may be located on the top of the rover, or possibly screwed to one side. 
Figure 3.7: Laptop of the current vehicle 
Figure 3.8: Switch of the current vehicle 
Figure 3.9: Battery of the current vehicle 
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- Other Electronic components 
The rest of electronic components will be attached on a plate. Among them, there are the 
video transmitter, transceiver modules, microcontrollers, motor drivers and GPS module.  
Dimensions: 100x120 mm  
It is located inside the rover, screwed to a wall of the body. 
 
- Cameras 
They are used for the artificial vision system. It 
is shown in Figure 3.10. 
There is one camera placed on the top of the 
camera tripod and another camera placed 
aside the manipulator 
- Mount for cameras/Additional space for a camera 
Some additional cameras may be used so there is the need to be able to mount them on the 
top of the body. 
 
The elements and mechanisms mounted in the rover do not exceed the mass of 34kg. Due 
to the requirements of the Challenge, the body mass could be approximately 16 kg. 
 
Figure 3.10: Camera of the current vehicle 
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3. Possible design 
Furthermore, before coming up with an optimal solution there is the need to have in 
consideration different proposals. Although the distribution of all the components in the body 
is significant, the way it is going to be built it is more important. Due to this, firstly the 
materials used are discussed and then the shape of the body and the distribution of the 
components. 
In order to contemplate possible designs, the first step is to take in account the conditions the 
rover has to meet due to the competition rules: 
 
- Temperature resistance, between 5 and 30 ºC, 
- Dust resistance, comparable to IP53 (Maxim Integrated Products, 2007), 
- Water resistance against drizzle or little rain, comparable to IP53, 
- Weight less than 50 kg for the whole vehicle, 
- Space needed to carry a possible additional small camera. 
Regarding the above, the used material has to be stress resistant enough, deal corrosion 
without problems, maintain its properties at room temperature and have a low density. 
Besides these conditions, cost, workability, availability and density of the material are also 
important. 
Among all the types of materials, metals and composites are the most adequate ones. Some 
possible materials would be: Steel, aluminium, carbon fibre and glass fibre. 
 
Material Density [kg/ m3] Yield Stress [MPa] Young’s modulus [GPa] Price 
Steel 7900 300 - 700 200 High 
Aluminium 2700 100 - 200 69 Low 
Carbon fibre 1750 - 150 Very high 
Glass fibre 2500 - 50 Medium 
Having in mind all the properties mentioned before in Figure 4.1 (Material properties, 2014), 
aluminium and carbon fibres are the most suitable ones due to the importance of density. 
Figure 4.1: Table of material properties 
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Steel is discarded due to its high density (7,9 kg/m3); glass fibre is discarded because even if 
it has a similar density (2,5 kg/m3) as aluminium (2,7 kg/m3), it is less stress resistant and 
more expensive. 
Before starting to discuss the structural materials, it is recommended to have a look at the 
advantages/disadvantages of using each of them: 
 
- Strength: Carbon fibre is almost three times stronger than aluminium, however it is 
brittle and shatters directly instead of experiencing plastic deformation 
- Density: Carbon fibre (1,75 kg/ m3) is lighter than aluminium (2,7 kg/m3) 
- Workability: Aluminium is easier to work with by machining or other methods 
- Cost: Carbon fibre is much more expensive than aluminium, due to its 
manufacturing process 
- Availability: Aluminium is easier to obtain (Brent Strong, 2007, pp. 1-4) 
3.1. Structural materials 
Once the possible materials are chosen, the structure has to be discussed. There are three 
feasible options according the used structural materials. However, they share a common 
feature. A skeleton built with aluminium profiles is used as the main structure for the body. 
Nowadays, aluminium profiles are being highly used worldwide due to its cost, weight and 
reasonable stiffness. Moreover, little expenses in joining and cutting and assembly 
friendliness are some of the advantages of their usage. (Chatti, 2006, pp. 22, 29) 
Besides its density, aluminium has some important properties to have in mind: 
 
- High corrosion resistance, 
- Excellent thermal conductivity, 
- Good electric conductivity, 
- Excellent luminous reflectance, 
- Good mechanical properties, 
- High strength, 
- Good ductility, 
- Superior machinability, 
- A wide variety of processing and shaping possibilities, 
- Good performance characteristics, 
- Excellent recyclability, 
- Numerous surface treatment techniques (Chatti, 2006, p. 58). 
As it was discussed above, there are three possibilities regarding the structural elements 
connected to the main aluminium profile structure. 
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3.1.1. Thick plates 
Thick plates are a structural material that is easily connected with profile structures. These 
plates withstand the weight of all the components along with the profiles, as seen in Figure 
4.2. Depending on the material used the thickness of these plates varies, being the 
aluminium ones thicker than if carbon fibre is used. However, each of them has its pluses 
and minuses. 
 
 
 
 
Using thick plates entails the following: 
 
- Advantages: 
o Assembly friendliness between the plates and the profile structure, 
o Good workability of the plates regarding machining, 
 
- Disadvantages: 
o In order to better optimise the total weight, different plate thickness would 
be required depending on the elements it would have to withstand. For 
instance, walls would have to be thinner than the vehicle floor, 
o When carbon plates are used, it is more difficult to screw them to the 
profiles. 
3.1.2. Thin aluminium sheets with profile substructure 
Instead of using thick plates that withstand the weight, a profile substructure is used for that 
purpose, as shown in Figure 4.3. This profile substructure may be built with thinner profiles. 
With this approach, all the vehicle components have to be connected with the profiles 
somehow (structural or substructural profiles). The easiest way is to screw the components 
to the profiles directly. However, aluminium sheets may be used to withstand their weight. 
Even if aluminium sheets are used for this purpose, they would not need to be as thick as a 
profile substructure was not used. 
Figure 4.2: Thick plate with the profile structure 
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Once this matter is solved, dust and water resistance have to be dealt with. Therefore, thin 
aluminium sheets are used to seal the vehicle. In this way, weight is optimised. 
 
 
 
 
Using thin aluminium sheets entails the following: 
 
- Advantages: 
o No need to work with aluminium sheets of different thicknesses, 
o Possible usage of different profiles for the structure and substructure, 
 
- Disadvantages: 
o Components have to be screwed/connected with the profiles somehow, 
because the aluminium sheets cannot withstand their weights, 
o There may be the need to use one additional profile only to connect to it 
one lightweight component. Consequently, extra weight is added. 
3.1.3. Sandwich panels with honeycomb core 
The third option is to use sandwich panels as the plates of the first 
option. These sandwich panels are composed by a core and two 
face sheets, as seen in Figure 4.4. To optimise weight, aluminium 
honeycomb is used as the core. Regarding the two face sheets, 
may be made of aluminium or carbon fibre depending on the 
desired stiffness and strength. 
Aluminium honeycombs are widely used nowadays due to their 
good ratio weight-strength. They also have good bending stiffness 
among other properties. (Potter, 1997, pp. 116-119) 
Figure 4.3: Thin aluminium sheet with profile substructure 
Figure 4.4: Sandwich panel with honeycomb core 
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Using sandwich panels with honeycomb core entails the following: 
 
- Advantages: 
o Weight saved due to honeycomb core, 
o Damping of inner vibration and noise provided by the sandwich structure, 
 
- Disadvantages: 
o Aluminium honeycombs are more expensive than traditional aluminium 
plates, 
o Procedures of assembly and bonding with the profile structure may be 
more complex than using aluminium plates. 
3.2. Body shapes and components distribution 
The next step is to consider the body shape of the vehicle taking in account the distribution of 
the main components of the rover (keeping in mind that, for instance, needed wires for 
connections are not included among the main components). As a review of what was 
discussed in the components section: 
 
- Components placed inside the rover: Batteries, laptop, switch and plate with 
electronic components, 
- Components screwed to rover’s top: Manipulator and camera tripod, 
- Components screwed to rover’s walls: Drill sampling module and rocker-bogie 
mechanism. 
3.2.1. Rectangular shape 
One of the first shapes it comes to our mind, it is a rectangular cuboid with enough space 
inside to keep all the components. 
In Figure 4.5 and Figure 4.6 there are sketches made with Inventor of how it may look like. 
Each main component has a different colour: 
 
- Batteries: Orange, 
- Manipulator: Red, 
- Drill sampling module: Purple, 
- Laptop: Light blue, 
- Differential joint: Dark blue, 
- Camera tripod: Light green, 
- Electronic components plate: Dark green, 
- Switch: Black. 
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To balance the weight of the body, batteries are placed on one side and the manipulator is 
located on the other side. Under the manipulator there are the laptop, electronic components 
plate and the switch. Drill sampling module is placed at the front side like the manipulator due 
to the fact that both may be used sequentially. Finally, camera tripod is placed at rear to 
optimise the usage of the top surface of the vehicle. 
3.2.2. Two rectangle sections 
It is a variation of the first design, as it is shown in Figure 4.7 and Figure 4.8. 
 
 
 
 
 
 
 
Figure 4.5: Front view of the rectangular shape Figure 4.6: Back view of the rectangular shape 
Figure 4.7: Front view of the two sections rectangle Figure 4.8: Back view of the two sections rectangle 
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In this way, space is optimised inside the body and it can be smaller than the first design. 
Although in this case it is not as balanced as the first design, it is not a problem due to the 
usage of the differential mechanism. Laptop is placed also under the camera tripod because 
students may need to take it out of the vehicle during the tasks. In this design, batteries are 
placed under the manipulator because there is no need to move them. 
3.2.3. Three heights rectangles 
As shown in Figure 4.9 and Figure 4.10, the body has three sections with different heights. 
 
 
 
 
 
In this design, space is fully optimised. However, this body shape may be more complicated 
to be built than the others. 
 
Figure 4.9: View II of the three heights rectangles 
 
Figure 4.10: View of the three heights rectangles 
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4. Chosen solution 
Considering pros and cons of the above mentioned solutions, it has been chosen the thin 
aluminium sheets with profile substructure as the structural material; and the two rectangle 
sections as the body shape of the vehicle. Aluminium is the material used in the whole 
construction, apart from the material of the rest of components. 
Regarding the distribution, it has been changed from what was said before. As it is seen in 
Figure 5.1, batteries are placed in the rear module; and laptop, switch and electronic 
components plate are placed in the front module. In this way, weight is more balanced in 
both sides and the performance of the differential may be better. 
There are two different kinds of elements used in the construction of this body, structural and 
sealing elements. Structural elements are used to withstand the weight of themselves as well 
as the components of the rover. On the other hand, sealing elements are used only to protect 
the components placed inside the body against dust and drizzle or little rain. Although 
sealing elements may be able to withstand little loads, it’s not their purpose. 
Structural elements could be divided into those ones used in the main structure and those 
ones used in the substructure. The main structure consists in aluminium profiles, 90º profile 
connectors and fasteners. Moreover, the substructure is composed of thick aluminium plates 
and fasteners. On the other hand, aluminium sheets and fasteners are used for sealing.
Figure 5.1: Final body shape and components distribution 
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5. Design of the body 
Once the main aspects of the solution have been chosen, it is time to design the body. This 
chapter is divided into several sections to have a better understanding of the design. 
First, the steps followed to design the body are explained. Then, elements used are 
described in terms of material, dimensions and utility. Finally, there is a description of the 
construction process and the technologies involved. Drawings of the whole body are added 
at the end of the work. 
5.1. Stages of the designing 
5.1.1. Space needed 
In order to design the body, the first step is to know how much space is needed. Once the 
shape and the distribution of all the rover components inside the body are known, their 
measurements have to be taken into account. However, dimensions of the current 
components are approximate because they may change to fit the new body. 
 
 
 
 
 
 
In Figure 6.1, main measurements are shown. Apart from the space required by the main 
components, some extra space has been added to take into account wires and other small 
components. For instance, manipulator and tripod base could be easily changed. 
Furthermore, some space in the middle of the body has been set apart for the shaft and the 
differential joint. 
Figure 6.1: Main dimensions of the space required 
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5.1.2. Profile structure 
The second step is to design the profile structure. The aluminium profile chosen is a 30x30 
mm profile with four T-Slots. It is quite lightweight and thanks to its T-slots, it is easy to 
connect the profiles between them. Besides, there are special fasteners and other elements 
adapted to this kind of profile so there are a lot of options regarding connections between 
profiles and external elements. 
 
 
 
 
 
The profile structure is designed embracing the inner volume needed, as shown in Figure 6.2 
and Figure 6.3. 
5.1.3. Profile substructure 
As it was said in the chosen solution section, a profile substructure is used in order not to 
need thicker aluminium plates to withstand the loads.  
 
 
 
 
 
 
Figure 6.2: Profile structure with inner volume Figure 6.3: Main profile structure 
Figure 6.4: Profile structure and substructure 
4 
5 
1 2 
3 
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As it is seen in Figure 6.4, five profiles form part of the profile substructure: 
 
- Profile 1: It helps to withstand the weight of the batteries, 
- Profile 2 and 4: Because of the bearings for the suspension, there will be the need 
to perform one hole on the walls of each side of the body. Due to the fact that thin 
aluminium plates will be used, in order to strengthen the structure and let it be stiff 
enough a thick aluminium plate will be used. By using these profiles, this thick 
aluminium plate doesn’t have to cover the whole wall (being screwed to top, 
bottom and side profiles), 
- Profile 3: It helps to withstand the weight of the laptop, switch and electronic 
components plate, 
- Profile 5: It helps to withstand the weight of the manipulator. 
5.1.4. Profile connectors 
Once the profile frame is designed, a stiff joint between profiles is required. Among all the 
different connectors, gusset connector is chosen. Although it doesn’t give the strongest 
connection, it is strong enough. Besides, it doesn’t require machining and can be easily 
mounted at any moment. It is connected with the profile by a bolt and a T-nut placed in the  
T-slot (the groove of the profile). 
 
 
 
 
 
 
 
As it is seen in Figure 6.5, there has to be one connector to join two profiles; and two 
connectors to join three profiles. Ensuring this, the profile frame is well connected. 
In case of strengthening the construction and enhance its stiffness, the additional connectors 
can be used optionally. 
Figure 6.5: Profile connectors in the structure 
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5.1.5. Aluminium plates 
The next step is to place aluminium plates to withstand the weights of the main components 
of the rover.  
 
 
 
 
 
 
 
The manipulator may not be screwed to these plates. However, it has been designed this 
way as one of the possibilities. Using this kind of profiles allows connecting the components 
mentioned before in many ways. For instance, the base of the manipulator could be mounted 
on other profiles and connect these profiles with the profile frame. 
As well as the four aluminium plates on the top and bottom of the body, there are two 
aluminium plates for the bearings, as seen in Figure 6.6. These plates are thicker than the 
other ones due to the fact that bearings have to be mounted inside them and they have to be 
more resistant. Furthermore, circlips are used to prevent lateral movement of the bearings. 
These are designed for specific ball bearings and circlips but this can be changed easily. The 
mentioned plates are mounted using the profiles 2 and 4, as shown in Figure 6.4.  
By using two extra profiles to screw these plates, there is the possibility to change the balls 
bearing dimension (or the shaft diameter) if it was needed, without needing to change so 
many elements. These two profiles are easily moved thanks to their connectors. Besides, 
aluminium sheets used for sealing are cheap and easily machined. Finally, T-bolts are easily 
moved too in order to fulfil the requirements. 
To screw these aluminium plates to the profiles, T-bolts and nuts are used. T-bolts swivel into 
position so that they can be installed after the assembly of the profile frame. 
Figure 6.6: Aluminium plates with the structure 
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Longer T-bolts are used for the bearings aluminium plates, however, these plates have to be 
milled on the sides in order to use the available T-bolts. 
5.1.6. Aluminium sheets 
Finally, the body has to be sealed to protect the components placed inside the body against 
dust and drizzle or little rain. Aluminium sheets are used for this purpose, being thinner than 
the aluminium plates. 
 
 
 
 
 
 
As seen in Figure 6.7, the body is fully covered by aluminium sheets. Except where 
aluminium plates were placed, there are aluminium sheets. On the floor there is a big 
aluminium sheet covering the whole floor. Even if it would not be necessary since there are 
the batteries plate and the other components plate, in this way is better sealed.   
Besides, these aluminium sheets are also screwed to the profiles by using T-bolts and nuts. 
This connection allows being able to take out aluminium sheets located on both sides, in 
order to have access to the laptop or any other component if needed. They are easily 
screwed and unscrewed. 
 
The total weight of the body is approximately 11,4 kg, less than the limit of 16 kg. 
Calculations are attached in Appendix 1 
Regarding the drawings of the body, they are attached in Appendix 3. In Appendix 4 there 
are the drawings of the frame construction and in Appendix 5 there are the drawings of the 
ball bearings plate. 
Figure 6.7: Aluminium sheets on the body 
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5.2. Elements used 
All the elements except aluminium plates/sheets and ball bearings have been selected from 
their manufacturer company website (PROFIL 30x30, 2014). This company from Poland 
offers a wide range of profiles and also profile connectors, fasteners and other accessories 
suitable for that kind of profiles.  
5.2.1. Profiles 
This 30x30 aluminium profile is chosen due to its capability to 
withstand medium loads and for being lightweight. It has four 
8 mm T-slots, as shown in Figure 6.8 (Profile nośne z 
rowkiem 8 mm, 2014). 
There are different kinds of connectors and fasteners that 
use the T-slots, so it is a very flexible profile. Besides, there 
is the possibility to purchase profiles with only 1 or 2 T-Slots. 
5.2.2. Profile connectors 
This 30x30 profile connector is made of pressurized cast aluminium, while fasteners (Bolt 
and T-nut) are made of galvanized steel. Close tolerances on gusset edges provide a flush 
and tight fit with the profile as shown in Figure 6.10. For the connection, it needs two pairs of 
Bolts and T-Nuts, as seen in Figure 6.9 (Elementy złączne, 2014, p. 17). 
 
 
 
 
 
Figure 6.8: Profile 30x30 
Figure 6.9: Profile connector assembly Figure 6.10: Profile connector assembled 
Design of the body of a martian vehicle for the European Rover Challenge Page 31 
 
5.2.3. T-Bolts and nuts 
These T-Bolt and nut are made of galvanized steel. As it is shown in Figure 6.11, first the T-
Bolt is placed in the T-Slot and then the nut is screwed. 
Seeing that the profile used has a groove width of 8mm, they have to be M6 to fit in the 
profile. Regarding the length, a 16 mm T-Bolt is used for all the aluminium plates and sheets 
except for the bearings plate, where a 25 mm long T-Bolt is used (Elementy złączne, 2014, 
p. 4).  
 
 
T-Bolts swivel into position easily. Thanks to the shape of the head of the T-Bolt, it is well 
fixed in the T-Slot and it does not move when screwed. Friction also helps due to the surface 
finish of the head, however, shape-lock is the main reason that the T-Bolt does not move. 
There would be another option, using T-Nuts (Elementy złączne, 2014, p. 2) and standard 
Bolts instead of T-Bolts and nuts. Nevertheless, assembly would be more complex and 
slower. 
5.2.4. Aluminium plates and sheets 
They are ordinary aluminium plates/sheets, made of Aluminium PA6. This aluminium alloy, 
with a density of 2,8 g/cm3, is a good construction material due to the fact that it is easily 
machinable and widely available. 
5.2.5. Ball Bearings 
Although these elements are not needed in the construction of the body, they have to be 
taken into account and the shaft as well. They are needed for a good performance of the 
vehicle. Single row deep groove ball bearings are selected for this vehicle, due to the fact 
that they are the most suitable ones. Closed ones with rubber seals/ steel shields are the 
most convenient ones in order to keep the grease inside the bearing and be no need to 
replenish it. 
 
Figure 6.11: T-Bolt and nut assembly  
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The ball bearing chosen is the 6004 ZZ (6004 ZZ, 2010), with the appearance of the one 
shown in Figure 6.12. It has an inside diameter of 20 mm (the shaft diameter), an external 
diameter of 42 mm and a width of 12 mm. As a consequence, the ball bearing plate is 
conceived with a hole with the external diameter dimensions and a greater width. 
5.2.6. Circlips 
These circlips are made of spring steel. These kind of retaining rings are placed into a 
machined groove to allow rotation but to prevent lateral movement. In this case an internal 
circlip is needed placed in the outside part, as shown in Figure 6.13. 
 
 
 
 
The internal circilp chosen is the DIN 472 42x1,75 (Standard Internal Circlips: To DIN 472 
Metric, 2012). It has a bore diameter of 42 mm, groove diameter of 44,5 mm, width of 1,75 
mm, groove width of 1,85 mm and groove edge margin of 3,8 mm. 
Figure 6.12: Single row deep groove ball bearing with rubber seals/steel shields 
Figure 6.13: Internal circlip 
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5.3. Description of the construction process 
Due to the fact that is built with prefabricated elements and aluminium plates/sheets, it 
doesn’t take much time to assembly the body. 
The steps taken to build this body are similar to the stages followed to design the body: 
 
1. Assembly of the profiles: 
 
Place the profiles in order and start connecting them with the profiles connectors. 
To connect them with the profile connectors, first the T-nuts have to be placed 
inside the T-Slot and then the screws have to be screwed through the profile 
connector to both profiles. 
 
2. Preassembly of the circlips and ball bearings into the ball bearings plates: 
 
First, circlips are installed with a circlip plier into the machined groove. Then, ball 
bearings are placed from the other side by pushing with a press. 
 
3. Assembly of the ball bearings plates: 
 
Both plates have to be perfectly aligned and to do so, a shaft is needed. Firstly, 
one plate has to be screwed to the profiles. For that purpose, T-Bolts have to be 
placed into the T-Slots of the profiles. Then, the plate has to be placed by putting 
the screws through its holes. And finally, nuts are screwed in. 
The second step is to place the shaft through holes of both plates, once the 
second plate is located with the T-Bolts on the other side. 
The third step is to screw the second plate to the profiles and take out the shaft. 
  
4. Assembly of the aluminium plates: 
 
The same procedure as the explained in the previous step has to be taken. Only 
the floor plates (the one for the batteries and the one for the rest components) 
have to be screwed. 
 
5. Assembly of the aluminium sheets:  
 
The same procedure as the explained in the previous step has to be taken. Screw 
all the aluminium sheets except the one of the middle of the roof. 
In this way, the roof won’t have any plates/sheets so the rover will be able to be mounted by 
placing all the components inside the body. Later on, the rest of aluminium plates/sheets can 
be mounted. 
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All the screws are cut the needed length depending on the plate where are mounted, in order 
not to be too long. 
5.4. Technologies involved 
The following technologies/processes/tools are needed in order to build the body: 
 
- Milling: A process used to machine the balls bearing plate. From an aluminium 
block, both sides were bolts are placed have to be milled. Moreover, shaft hole has 
to be milled and the circlip groove as well, 
 
- Drilling: A process used to machine the required holes on the aluminium plates 
and sheets. It has to be taken into account that the mentioned holes have to be 
slightly bigger than the metric of the bolt, 
 
- Bench shear: A tool used to cut aluminium plates and sheets into the required 
dimensions, 
 
- Circlip plier: A tool used to assemble and disassemble circlips, as seen in Figure 
6.14. The circlip is pressed together with this tool, thereby reducing the diameter 
and allowing it to be put on or taken off (The circlip pliers), 
 
 
 
- Allen key: Also known as hex key, it is a tool used to screw bolts with a hexagonal 
socket in the head. 
 
- Bench press: A machine used to apply pressure to the ball bearings, in order to 
place them into the shaft hole of the ball bearings plates. 
 
Figure 6.14: Circlip plier 
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6. Structural analysis 
The final step is to check that the body is able to withstand the weight of all the components. 
To do so, a stress analysis is performed with “Autodesk Inventor Professional 2015” 
software. The mentioned software is also the CAD software used to design the whole body. 
The analysis is performed by means of Finite elements Method, which is supported within the 
CAD software. Prefabricated element CAD models have been taken from the manufacturer 
website (Aluminium Structural Framing, Metric Products). 
 
 
 
 
 
 
When performing the analysis only the structural components are needed, i.e. aluminium 
sheets are not included because they are only used to seal the body. The simulation 
performed is a static analysis with bonded contacts. In this kind of simulation if surfaces of 
elements are in contact with each other, the program behaves toward the elements like they 
were bonded together. Due to this, there are neither T-bolts nor profile connectors included, 
as seen in Figure 7.1. 
The different aspects to take into account in the simulation are: 
 
- Material: All the elements need to have an assigned material. In this case, 
Aluminium 6061 is selected for all the components. Although it’s not the real 
material of the components, its properties do not vary much and it is one of the 
most common alloys of aluminium for general purpose: 
o Yield Strength ≈ 275 MPa 
o Tensile Strength ≈ 310 MPa 
o Young’s Modulus ≈ 69 GPa 
o Density ≈ 2710 Kg/m3 
Figure 7.1: CAD model used in the stress analysis 
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- Constraints: Bearing holes in bearing plates are selected as fixed constraints. 
This is because when the body is mounted with the suspension, the body is 
withstood by the shaft and the ball bearings, 
- Contacts: Automatic contacts are created between all the elements, 
- Loads: Loads chosen are approximate because components with different 
weights than the current ones may be used. There are four forces applied in 
aluminium plates as seen in Figure 7.2, apart from gravity: 
 
o F1 = 140 N (Manipulator and Drill sampling module) 
o F2 = 40 N (Laptop, Switch and Electronic components plate) 
o F3 = 20 N (Camera tripod) 
o F4 = 100 N (Batteries) 
 
 
 
 
- Mesh: It has different parameters which can vary in order to perform several 
simulations. In this analysis, only “Average Element Size” is changed. It is shown 
in Figure 7.3. 
 
 
 
 
 
Several simulations are performed, changing Average Element Size of the mesh, from 0,4 to 
0,15. By doing this the mesh is refined and consequently, more accurate results are 
obtained. 
Figure 7.2: Applied forces in the Stress analysis 
Figure 7.3: Meshing 
F1 
F2 
F3 
F4 
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Once the simulations are performed, all the data obtained has to be analysed. In this 
purpose, Maximum Displacement, Maximum Von Mises Stress and Minimum Safety Factor 
are graphed against av. element size, as shown in Figure 7.4, Figure 7.5 and Figure 7.6. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.4: Maximum Displacement graph 
Figure 7.5: Maximum Von Mises Stress graph 
Figure 7.6: Maximum Safety Factor graph 
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As it is seen in the mentioned graphs above, maximum displacement increases when av. 
element size is reduced. On the other hand, maximum von Mises Stress and Minimum 
Safety Factor first increase and then decrease. 
Due to this behaviour, the worst case is chosen. Consequently, the simulation with an av. 
element size of 0,3 is selected. In this case, Maximum Von Mises Stress has the highest 
value and Minimum Safety Factor has the lowest value so it is the safest case. 
 
 
 
 
 
 
 
 
 
As it is shown in Figure 7.7, Von Mises has a maximum value of 116,7 MPa. It is a high value 
but there is a safety factor of 2,35569 so the body is able to withstand the weight of all the 
components without problems. This maximum stress is located on the floor of the body, in 
the join of profiles in the manipulator side. This is due to the fact that this side has to 
withstand more weight than the other. 
Moreover, as seen in Figure 7.8, Displacement has a maximum value of 0,1893 mm also in 
the same side as the maximum Von Mises Stress value. It is a small displacement. 
 
 
 
Figure 7.7: Von Mises Stress graph with an av. element size of 0,3 
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The full report obtained with Inventor with an Average Element Size of 0,3 is attached in 
Appendix 2. 
 
Figure 7.8: : Displacement graph with an av. element size of 0,3 
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7. Business plan 
From the economic point of view, the prices of all the components have to be considered in 
order to prepare a budget for this project. Only prices are taken into consideration due to the 
fact that all the machines and tools needed for the construction process are located in TUL 
University, so there is no need to buy anything apart from the materials needed. 
Profiles are bought already cut with the needed lengths. Moreover, aluminium plates are 
bought with the needed widths: 0,5 mm and 2 mm. A block of 2 cm of aluminium is bought 
for the balls bearing plate. 
Prices have been taken from manufacturer’s websites (Retaining rings for bores DIN 472 St, 
2015), (6004-2RS 6004-ZZ Radial Ball Bearing 20X42X12, 2015), (PROFIL 30x30, 2014). 
 
30x30 Aluminium profile (7,21 m · 11,68 €/m) ……………...….………………..………. 84,21 € 
Profile connector (42 u · 1,75 €/u) ……………………..………………...…………..…… 73,50 € 
T-Nut M6 [8] (84 u · 0,38 €/u) ………………..………………………………...………...... 31,92 € 
Bolt M6x14 [8] (84 u · 0,15 €/u) ………………...……………………………………....…. 12,60 € 
Aluminium plates/sheets (3,39 kg · 4,67 €/kg) ….……………………….………..……... 15,83 € 
T-Bolt M6x16 [8] (74 u · 0,50 €/u) ……………………………………………………....… 37,00 € 
T-Bolt M6x25 [8] (8 u · 0,52 €/u) ………………………………………………………....… 4,16 € 
Nut M6 [8] (82 u · 0,12 €/u) ………………………………………………..……………...… 9,84 € 
DIN 472 42x1,75 circlips (2 u·0,59 €/u) ……………..………………………...…………… 1,18 € 
6004 ZZ ball bearings (2 u 1,83 €/u) …………………………………………………….…. 3,66 € 
TOTAL ………………………………………………...…………………………..…….… 273,90 € 
 
The following prices are net prices, i.e. don’t include VAT. 
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Conclusions 
Profiles may seem not to be resistant enough for the purpose of the construction of a rover 
body. However, with the stress analysis it has been proved that they fully fulfil the 
requirements given. The resulting body is pretty lightweight (11,4 kg) and is sealed against 
little rain and dust. Considering the price, it can be said that the construction of this body is 
affordable. 
Usage of this kind of profiles brings a lot of possibilities regarding designing due to the fact 
that they have a lot of different elements designed to be mounted on. Although for using 
these elements the designing has to go in accordance with these elements from the 
beginning, at the end it is worth it. 
It has to be said that this body is not fully optimised. To do so, exact weights of all the 
components should be known. In this way, smaller profiles may be chosen and also other 
thicknesses for aluminium plates/sheets. The purpose of this master thesis was not 
optimising the weight till the “limit”; however, it could be carried out as a recommendation for 
further studies. 
Regarding the performed stress analysis, another recommendation would be to use software 
like ANSYS, to accomplish the stress analysis. By using more specialised software, better 
and more precise results could be obtained. 
As the last recommendation, it would be interesting to build a prototype of the body designed 
in this thesis. A structural analysis could be performed to check the results obtained in stress 
analysis with software. Consequently, the body could be improved and another better 
version of it could be built. 
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Appendix 1 - Total weight calculations 
Weight of aluminium plates/sheets: 
Length 
[mm] 
Width 
[mm] 
Thickness 
[mm] 
Quantity Volume 
[cm3] 
250 260 2 1 130,000 
310 260 2 1 161,200 
410 260 2 1 213,200 
350 260 2 1 182,000 
120 60 20 2 188,000 
360 212 0,5 2 76,320 
120 75,5 0,5 2 9,060 
120 75 0,5 2 9,000 
212 260 0,5 2 55,120 
212 50 0,5 2 10,600 
311 212 0,5 1 32,966 
411 212 0,5 1 43,566 
210 120 0,5 1 12,600 
261 411 0,5 1 53,636 
311 480 0,5 1 74,640 
Total Volume [cm3] 1351,908 
Total weight [Kg] 3,785 
Weight of all the components: 
Element Weight 
[kg/u] 
Quantity 
[u] 
Weight 
[kg] 
Plates and sheets 3,38 1 3,785 
Profile 0,8 (**) 7,21 5,768 
Profile connector (*) 0,029 42 1,218 
T-Bolt M6x16+Nut 0,00477 74 0,353 
T-Bolt M6x25+Nut 0,00665 8 0,053 
Circlip 0,004344553 2 0,009 
Ball bearing 0,1281748 2 0,256 
TOTAL 11,443 
(*) Profile connector include two T-Nuts and Bolts needed 
(**) It is 0,8 kg per 1 m of profile 
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Appendix 2 - Stress Analysis Report 
 
Analyzed File: Body assembly.iam 
Autodesk Inventor Version: 2015 (Build 190159000, 159) 
Creation Date: 10/02/2015, 20:24 
Simulation Author: Alberto 
Summary:  
 
 Project Info (iProperties) 
 Summary 
Author Alberto 
 Project 
Part Number Body assembly 
Designer Alberto 
Cost 0,00 € 
Date Created 16/01/2015 
 Status 
Design Status WorkInProgress 
 Physical 
Mass 37,4163 kg 
Area 3832890 mm^2 
Volume 32085700 mm^3 
Center of Gravity 
x=-32,6174 mm 
y=4,74524 mm 
z=0 mm 
Note: Physical values could be different from Physical values used by FEA reported below. 
 
 Simulation:1 
General objective and settings: 
Design Objective Single Point 
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Simulation Type Static Analysis 
Last Modification Date 10/02/2015, 19:46 
Detect and Eliminate Rigid Body Modes No 
Separate Stresses Across Contact Surfaces No 
Motion Loads Analysis No 
 
Mesh settings: 
Avg. Element Size (fraction of model diameter) 0,3 
Min. Element Size (fraction of avg. size) 0,2 
Grading Factor 1,5 
Max. Turn Angle 60 deg 
Create Curved Mesh Elements No 
Use part based measure for Assembly mesh Yes 
 Material(s) 
Name Generic 
General 
Mass Density 1 g/cm^3 
Yield Strength 0 MPa 
Ultimate Tensile Strength 0 MPa 
Stress 
Young's Modulus 0,0000001 GPa 
Poisson's Ratio 0 ul 
Shear Modulus 0,00000005 GPa 
Part Name(s) Skeleton0001 
Name Aluminum 6061 
General 
Mass Density 2,7 g/cm^3 
Yield Strength 275 MPa 
Ultimate Tensile Strength 310 MPa 
Stress 
Young's Modulus 68,9 GPa 
Poisson's Ratio 0,33 ul 
Shear Modulus 25,9023 GPa 
Part Name(s) 
00000001 
00000002 
00000003 
00000005 
00000006 
00000007 
00000008 
00000009 
00000010 
00000011 
00000012 
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00000013 
00000014 
00000015 
00000016 
00000017 
00000018 
00000019 
00000022 
00000023 
00000024 
00000025 
00000026 
00000027 
00000031 
00000032 
00000033 
Aluminium plate Laptop 
Aluminium plate Batteries 
Aluminium plate Bearing 
Aluminium plate Bearing 
Aluminium plate Manipulator 
Aluminium plate Camera tripod 
 Operating conditions 
 Force:1 
Load Type Force 
Magnitude 140.000 N 
Vector X 0.000 N 
Vector Y -140.000 N 
Vector Z 0.000 N 
 Selected Face(s) 
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 Force:2 
Load Type Force 
Magnitude 40.000 N 
Vector X 0.000 N 
Vector Y -40.000 N 
Vector Z 0.000 N 
 Selected Face(s) 
 
 Force:3 
Load Type Force 
Magnitude 20.000 N 
Vector X 0.000 N 
Vector Y -20.000 N 
Vector Z 0.000 N 
 Selected Face(s) 
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 Force:4 
Load Type Force 
Magnitude 100.000 N 
Vector X -0.000 N 
Vector Y -100.000 N 
Vector Z -0.000 N 
 Selected Face(s) 
 
 Gravity 
Load Type Gravity 
Magnitude 9810.000 mm/s^2 
Vector X 0.000 mm/s^2 
Vector Y -9810.000 mm/s^2 
Vector Z 0.000 mm/s^2 
 Selected Face(s) 
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 Fixed Constraint:1 
Constraint Type Fixed Constraint 
 Selected Face(s) 
 
 Results 
  Reaction Force and Moment on Constraints 
Constraint Name 
Reaction Force Reaction Moment 
Magnitude Component (X,Y,Z) Magnitude Component (X,Y,Z) 
Fixed Constraint:1 382,723 N 
0 N 
30,599 N m 
0 N m 
382,723 N 0 N m 
0 N 30,599 N m 
 Result Summary 
Name Minimum Maximum 
Volume 3135650 mm^3 
Mass 8,46627 kg 
Von Mises Stress 0,000515234 MPa 116,739 MPa 
1st Principal Stress -5,03655 MPa 101,643 MPa 
3rd Principal Stress -124,691 MPa 5,81898 MPa 
Displacement 0 mm 0,189303 mm 
Safety Factor 2,35569 ul 15 ul 
Stress XX -57,4704 MPa 56,7528 MPa 
Stress XY -50,2593 MPa 16,7828 MPa 
Stress XZ -27,7161 MPa 19,8325 MPa 
Stress YY -81,6301 MPa 58,1333 MPa 
Stress YZ -26,0093 MPa 21,7781 MPa 
Stress ZZ -12,1648 MPa 19,5345 MPa 
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X Displacement -0,0126082 mm 0,0128595 mm 
Y Displacement -0,188971 mm 0,00118046 mm 
Z Displacement -0,00214701 mm 0,00219086 mm 
Equivalent Strain 0,00000000663468 ul 0,00153798 ul 
1st Principal Strain -0,00000435219 ul 0,00144555 ul 
3rd Principal Strain -0,00172886 ul 0,000004719 ul 
Strain XX -0,00072055 ul 0,000572767 ul 
Strain XY -0,000970173 ul 0,000323964 ul 
Strain XZ -0,000535013 ul 0,000382833 ul 
Strain YY -0,000897635 ul 0,000605674 ul 
Strain YZ -0,000502066 ul 0,000420389 ul 
Strain ZZ -0,000264366 ul 0,000503155 ul 
Contact Pressure 0 MPa 248,961 MPa 
Contact Pressure X -204,524 MPa 171,115 MPa 
Contact Pressure Y -187,417 MPa 195,409 MPa 
Contact Pressure Z -119,097 MPa 108,376 MPa 
 Figures 
 Von Mises Stress 
 
 
 
Pág. 56  Master thesis 
 
 1st Principal Stress 
 
 
 3rd Principal Stress 
 
 
Design of the body of a martian vehicle for the European Rover Challenge Page 57 
 
 Displacement 
 
 
 Safety Factor 
 
 
 
Pág. 58  Master thesis 
 
 Stress XX 
 
 
 Stress XY 
 
 
 
Design of the body of a martian vehicle for the European Rover Challenge Page 59 
 
 Stress XZ 
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 X Displacement 
 
 
 Y Displacement 
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 1st Principal Strain 
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 Strain XZ 
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 Contact Pressure 
 
 
 Contact Pressure X 
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Appendix 3 - Body Drawing 
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Appendix 4 - Frame construction Drawing 
 
 

Design of the body of a martian vehicle for the European Rover Challenge Page 73 
 
Appendix 5 - Ball bearings plate Drawing 
 
